INTRODUCTION
Theories of organizational learning can be distinguished from theories of analysis and choice which emphasize anticipatory calculation and intention (Machina 1987) , from theories of conflict and bargaining which emphasize strategic action, power, and exchange (Pfeffer 1981), and from theories of variation and selection which emphasize differential birth and survival rates of invariant forms (Hannan & Freeman 1977) . Although the actual behavioral processes and mechanisms of learning are sufficiently intertwined with choice, bargaining, and selection to make such theoretical distinctions artificial at times, ideas about organizational learning are distinct from, and framed by, ideas about the other processes (Grandori 1987 , Scott 1987 ).
LEARNING FROM DIRECT EXPERIENCE
Routines and beliefs change in response to direct organizational experience through two major mechanisms. The first is trial-and-error experimentation. The likelihood that a routine will be used is increased when it is associated with success in meeting a target, decreased when it is associated with failure (Cyert & March 1963 ). The underlying process by which this occurs is left largely unspecified. The second mechanism is organizational search. An organization draws from a pool of alternative routines, adopting better ones when they are discovered. Since the rate of discovery is a function both of the richness of the pool and of the intensity and direction of search, it depends on the history of success and failure of the organization (Radner 1975 ).
Learning by Doing
The purest example of learning from direct experience is found in the effects of cumulated production and user experience on productivity in manufacturing (Dutton et al 1984) . Research on aircraft production, first in the 1930s (Wright 1936 ) and subsequently during World War II (Asher 1956), indicated that direct labor costs in producing airframes declined with the cumulated number of airframes produced. If Ci is the direct labor cost of the ith airframe produced, and a is a constant, then the empirical results are approximated by: Cn = Cin-a. This equation, similar in spirit and form to learning curves in individuals and animals, has been shown to fit production costs (in constant dollars) reasonably well in a relatively large number of products, firms, and nations (Yelle 1979 ). Much of the early research involved only simple graphical techniques, but more elaborate analyses have largely confirmed the original results (Rapping 1965 ). Estimates of the learning rate, however, vary substantially across industries, products, and time (Dutton & Thomas 1984) .
Empirical plots of experience curves have been buttressed by three kinds of analytical elaborations. First, there have been attempts to decompose experience curves into several intercorrelated causes and to assess their separate contributions to the observed improvements in manufacturing costs. Although it has been argued that important elements of the improvements come through feedback from customers who use the products, particularly where those products are complex (Rosenberg 1982), most of the research on experience curves has emphasized the direct effects of cumulative experience on production skills. Most studies indicate that the effects due to cumulative production are greater than those due to changes in the current scale of production, transformation of the technology, increases in the experience of individual production workers, or the passage of time (Preston & Keachie 1964, Hollander 1965, Argote et al 1987); but there is evidence that the latter effects are also involved (Dutton & Thomas 1984 . Second, there have been attempts to use experience curves as a basis for pricing strategies. These efforts have led to some well-publicized successes but also to some failures attributable to an inadequate specification of the basic model, particularly as it relates to the sharing of experience across organizations (Day & Montgomery 1983, Dutton & Freedman 1985). Third, there have been attempts to define models that not only predict the general log-linear result but also accommodate some of the small but theoretically interesting departures from that curve (Muth 1986 ). These efforts are, for the most part, variations on themes of trial-and-error learning or organizational search.
Competency Traps
In simple discussions of experiential learning based on trial-and-error learning or organizational search, organizations are described as gradually adopting those routines, procedures, or strategies that lead to favorable outcomes; but the routines themselves are treated as fixed. In fact, of course, routines are transformed at the same time as the organization learns which of them to pursue, and discrimination among alternative routines is affected by their transformations (March 1981 , Burgelman 1988 .
The dynamics are exemplified by cases in which each routine is itself a collection of routines, and learning takes place at several nested levels. In such multilevel learning, organizations learn simultaneously both to discriminate among routines and to refine the routines by learning within them. A familiar contemporary example is the way in which organizations learn to use some software systems rather than others and simultaneously learn to refine their skills on the systems that they use. As a result of such learning, efficiency with any particular procedure increases with use, and differences in success with different procedures reflect not only differences in the performance potentials of the procedures but also an organization's current competences with them.
Multilevel learning typically leads to specialization. By improving competencies within frequently used procedures, it increases the frequency with which those procedures result in successful outcomes and thereby increases their use. Provided this process leads the organization both to improve the efficiency and to increase the use of the procedure with the highest potential, specialization is advantageous. However, a competency trap can occur when favorable performance with an inferior procedure leads an organization to accumulate more experience with it, thus keeping experience with a superior procedure inadequate to make it rewarding to use. Such traps are well-known both in their new technology version (Cooper & Schendel 1976) and in their new procedures version (Zucker 1977) .
Competency traps are particularly likely to lead to maladaptive specialization if newer routines are better than older ones. One case is the sequential exposure to new procedures in a developing technology (Barley 1988). Later procedures are improvements, but learning organizations have problems in overcoming the competences they have developed with earlier ones (Whetten 1987) . The likelihood of such persistence in inferior procedures is sensitive to the magnitude of the difference between the potentials of the alternatives. The status quo is unlikely to be stable if the differences in potential between existing routines and new ones are substantial (Stinchcombe 1986 ). The likelihood of falling into a competency trap is also sensitive to learning rates. Fast learning among alternative routines tends to increase the risks of maladaptive specialization, while fast learning within a new routine tends to decrease the risks (Herriott et al 1985) .
The broader social and evolutionary implications of competency traps are considerable. In effect, learning produces increasing returns to experience (thus typically to scale) and leads an organization, industry, or society to persist in using a set of procedures or technologies that may be far from optimal (Arthur 1984). Familiar examples are the standard typewriter keyboard and the use of the internal combustion gasoline engine to power motor vehicles. Since they convert almost chance actions based on small differences into stable arrangements, competency traps result in organizational histories for which broad functional or efficiency explanations are often inadequate.
INTERPRETATION OF EXPERIENCE
The lessons of experience are drawn from a relatively small number of observations in a complex, changing ecology of learning organizations. What has happened is not always obvious, and the causality of events is difficult to untangle. What an organization should expect to achieve, and thus the difference between success and failure, is not always clear. Nevertheless, people in organizations form interpretations of events and come to classify outcomes as good or bad (Thompson 1967) .
Certain properties of this interpretation of experience stem from features of individual inference and judgment. As has frequently been observed, individual human beings are not perfect statisticians (Kahneman et al 1982) . They make systematic errors in recording the events of history and in making inferences from them. They overestimate the probability of events that actually occur and of events that are available to attention because of their recency or saliency. They are insensitive to sample size. They tend to overattribute events to the intentional actions of individuals. They use simple linear and functional rules, associate causality with spatial and temporal contiguity, and assume that big effects must have big causes. These attributes of individuals as historians are important to the present topic because they lead to systematic biases in interpretation, but they are reviewed in several previous publications (Slovic et Martin et al 1985) . This structure of meaning is normally suppressed as a conscious concern, but learning occurs within it. As a result, some of the more powerful phenomena in organizational change surround the transformation of givens, the redefinition of events, alternatives, and concepts through consciousness raising, culture building, double-loop learning, or paradigm shifts (Argyris & Schdn 1978, Brown 1978, Beyer 1981).
It is imaginable that organizations will come to discard ineffective interpretive frames in the very long run, but the difficulties in using history to discriminate intelligently among alternative paradigms are profound. Where there are multiple, hierarchically arranged levels of simultaneous learning, the interactions among them are complex, and it is difficult to evaluate higher order alternatives on the basis of experience. Alternative frames are flexible enough to allow change in operational routines without affecting organizational mythology (Meyer & Rowan 1977 , Krieger 1979 , and organizational participants collude in support of interpretations that sustain the myths (Tirole 1986). As a result, stories, paradigms, and beliefs are conserved in the face of considerable potential disconfirmation (Sproull 1981) ; and what is learned appears to be influenced less by history than by the frames applied to that history (Fischoff 1975 , Pettigrew 1985 .
Although frameworks for interpreting experience within organizations are generally resistant to experience-indeed, may enact that experience (Weick 1979 )-they are vulnerable to paradigm peddling and paradigm politics. Ambiguity sustains the efforts of theorists and therapists to promote their favorite frameworks, and the process by which interpretations are developed makes it relatively easy for conflicts of interest within an organization to spawn conflicting interpretations. For example, leaders of organizations are inclined to accept paradigms that attribute organizational successes to their own actions and organizational failures to the actions of others or to external forces, but opposition groups in an organization are likely to have the converse principle for attributing causality (Miller & Ross 1975) . Similarly, advocates of a particular policy, but not their opponents, are likely to interpret failures less as a symptom that the policy is incorrect than as an indication that it has not been pursued vigorously enough (Ross & Staw 1986 ). As a result, disagreements over the meaning of history are possible, and different groups develop alternative stories that interpret the same experience quite differently. 
The Ambiguity of Success

Superstitious Learning
Superstitious learning occurs when the subjective experience of learning is compelling, but the connections between actions and outcomes are misspecified. Numerous opportunities exist for such misunderstandings in learning from experience in organizations. For example, it is easy for technicians to develop superstitious perceptions of a new technology from their experience with it (Barley 1988). Cases of superstition that are of particular interest to students of organizations are those that stem from special features of life in hierarchical organizations. For example, the promotion of managers on the basis of performance produces self-confidence among top executives that is partly superstitious, leading them to overestimate the extent to which they can control the risks their organizations face (March & Shapira 1987) .
Superstitious learning often involves situations in which subjective evaluations of success are insensitive to the actions taken. During very good times, or when post-outcome euphoria reinterprets outcomes positively, or when targets are low, only exceptionally inappropriate routines will lead an organization to experience failure. In like manner, during very bad times, or when post-outcome pessimism reinterprets outcomes negatively, or when targets are high, no routine will lead to success. Evaluations that are insensitive to actions can also result from adaptive aspirations. Targets that adapt very rapidly will be close to the current performance level. This makes being above or below the target an almost chance event. Very slow adaptation, on the other hand, is likely to keep an organization either successful for long periods of time or unsuccessful for long periods of time. A similar result is realized if targets adapt to the performance of other organizations. For example, if each firm in an industry sets its target equal to the average performance of firms in that industry, some firms are likely to be persistently above the target and others persistently below (Levinthal & March 1981 , Herriott et al 1985 .
Each of these situations produces superstitious learning. In an organization that is invariantly successful, routines that are followed are associated with success and are reinforced; other routines are inhibited. The organization becomes committed to a particular set of routines, but the routines to which it becomes committed are determined more by early (relatively arbitrary) actions than by information gained from the learning situation (Nystrom & Starbuck 1984). Alternatively, if failure is experienced regardless of the particular routine that is used, routines are changed frequently in a fruitless search for some that work. In both cases, the subjective feeling of learning is powerful, but it is misleading. 
ORGANIZATIONAL MEMORY
Recording of Experience
Inferences drawn from experience are recorded in documents, accounts, files, standard operating procedures, and rule books; in the social and physical geography of organizational structures and relationships; in standards of good professional practice; in the culture of organizational stories; and in shared perceptions of "the way things are done around here." Relatively little is known about the details by which organizational experience is accumulated into a structure of routines, but it is clearly a process that yields different kinds of routines in different situations and is only partly successful in imposing internal consistency on organizational memories.
Not everything is recorded. The transformation of experience into routines and the recording of those routines involve costs. The costs are sensitive to information technology, and a common observation is that modern computerbased technology encourages the automation of routines by substantially reducing the costs of recording them. Even so, a good deal of experience is unrecorded simply because the costs are too great. Organizations also often make distinction between outcomes that will be considered relevant for future actions and outcomes that will not. The distinction may be implicit, as for example when comparisons between projected and realized returns from capital investment projects are ignored (Hagg 1979). It may be explicit, as for example when exceptions to the rules are declared not to be precedents for the future. By creating a set of actions that are not precedents, an organization gives routines both short-term flexibility and long-term stability (Powell 1986).
Organizations vary in the emphasis placed on formal routines. Craft-based organizations rely more heavily on tacit knowledge than do bureaucracies (Becker 1982). Organizations facing complex uncertainties rely on informally shared understandings more than do organizations dealing with simpler, more stable environments (Ouchi 1980). There is also variation within organizations. Higher level managers rely more on ambiguous information (relative to formal rules) than do lower level managers (Daft & Lengel 1984) .
Experiential knowledge, whether in tacit form or in formal rules, is recorded in an organizational memory. That memory is orderly, but it exhibits inconsistencies and ambiguities. Some of the contradictions are a consequence of inherent complications in maintaining consistency in inferences drawn sequentially from a changing experience. Some, however, reflect differences in experience, the confusions of history, and conflicting interpretations of that history. These latter inconsistencies are likely to be organized into deviant memories, maintained by subcultures, subgroups, and subunits (Martin et al 1985) . With a change in the fortunes of the dominant coalition, the deviant memories become more salient to action (Martin & Siehl 1983 ). 
Conservation of Experience
Retrieval of Experience
Even within a consistent and accepted set of routines, only part of an organization's memory is likely to be evoked at a particular time, or in a particular part of the organization. Some parts of organizational memory are more available for retrieval than others. Availability is associated with the frequency of use of a routine, the recency of its use, and its organizational proximity. Recently used and frequently used routines are more easily evoked than those that have been used infrequently. Thus, organizations have difficulty retrieving relatively old, unused knowledge or skills (Argote et al 1987) . In cases where routines are nested within more general routines, the repetitive use of lower level routines tends to make them more accessible than the more general routine to which they are related (Merton 1940 ). The effects of proximity stem from the ways the accumulation of history is linked to regularized responsibility. The routines that record lessons of experience are organized around organizational responsibilities and are retrieved more easily when actions are taken through regular channels than when they occur outside those channels (Olsen 1983) . At the same time, organizational structures create advocates for routines. Policies are converted into responsibilities that encourage rule zealotry (Mazmanian & Nienaber 1979).
Availability is also partly a matter of the direct costs of finding and using what is stored in memory. Particularly where there are large numbers of routines bearing on relatively specific actions, modem information technology has reduced those costs and made the routinization of relatively complex organizational behavior economically feasible, for example in the preparation of reports or presentations, the scheduling of production or logistical support, the design of structures or engineering systems, or the analysis of financial statements (Smith & Green 1980) . Such automation of the recovery of routines makes retrieval more reliable. Reliability is, however, a mixed blessing. It standardizes retrieval and thus typically underestimates the conflict of interest and ambiguity about preferences in an organization. Expert systems of the standard type have difficulty capturing the unpredictable richness, erratic redundancy, and casual validity checking of traditional retrieval procedures, and they reduce or eliminate the fortuitous experimentation of unreliable retrieval (Simon 1971 , Wildavsky 1983 ). As a result, they are likely to make learning more difficult for the organization. 
LEARNING FROM THE EXPERIENCE OF OTHERS
Mechanisms for Diffusion
The standard literature on the epidemiology of disease or information distinguishes three broad processes of diffusion. The first is diffusion involving a single source broadcasting a disease to a population of potential, but not necessarily equally vulnerable, victims. Organizational examples include rules promulgated by governmental agencies, trade associations, professional associations, and unions (Scott 1985) . The second process is diffusion involving the spread of a disease through contact between a member of the population who is infected and one who is not, sometimes mediated by a host carrier. Organizational examples include routines diffused by contacts among organizations, by consultants, and by the movement of personnel (Biggart 1977). The third process is two-stage diffusion involving the spread of a disease within a small group by contagion and then by broadcast from them to the remainder of a population. Organizational examples include routines communicated through formal and informal educational institutions, through experts, and through trade and popular publications (Heimer 1985a). In the organizational literature, these three processes have been labeled coercive, mimetic, and normative (DiMaggio & Powell 1983). All three are involved in a comprehensive system of information diffusion (Imai et al 1985) .
Dynamics of Diffusion
The possibilities for learning from the experience of others, as well as some of the difficulties, can be illustrated by looking at the diffusion of innovations among organizations. We consider here only some issues that are particularly important for organizational learning. For more general reviews of the literature, see Rogers & Shoemaker (1971) and Kimberly (1981) .
Although it is not easy to untangle the effects of imitation from other effects that lead to differences in the time of adoption, studies of the spread of new technologies among organizations seem to indicate that diffusion through imitation is less significant than is variation in the match between the technology and the organization (Mansfield 1968) , especially as that match is discovered and molded through learning (Kay 1979) . Imitation, on the other hand, has been credited with contributing substantially to diffusion of city manager plans among American cities (Knoke 1982 ) and multidivisional organizational structures among American firms (Fligstein 1985) . Studies of the adoption of civil service reform by cities in the United States (Tolbert & Zucker 1983 ) and of high technology weaponry by air forces (Eyre et al 1987) both show patterns in which features of the match between the procedures and the adopting organizations are more significant for explaining early adoptions than they are for explaining later ones, which seem better interpreted as due to imitation. The latter result is also supported by a study of the adoption of accounting conventions by firms (Mezias 1987) .
The underlying ideas in the literature on the sociology of institutionalization are less epidemiological than they are functional, but the diffusion of practices and forms is one of the central mechanisms considered (Zucker 1987) . Pressure on organizations to demonstrate that they are acting on collectively valued purposes in collectively valued ways leads them to copy ideas and practices from each other. The particular professions, policies, programs, laws, and public opinion that are created in the process of producing and marketing goods and services become powerful institutionalized myths that are adopted by organizations to legitimate themselves and ensure public support (Meyer & Rowan 1977 , Zucker 1977 . The process diffuses forms and procedures and thereby tends to diffuse organizational power structures as well (Fligstein 1987) .
The dynamics of imitation depend not only on the advantages that come to an organization as it profits from the experience of others, but also on the gains or losses that accrue to those organizations from which the routines or beliefs are drawn (DiMaggio & Powell 1983). In many (but not all) situations involving considerations of technical efficiency, diffusion of experience has negative consequences for organizations that are copied. This situation is typified by the case of technical secrets, where sharing leads to loss of competitive position. In many (but not all) situations involving considerations of legitimacy, diffusion of experience has positive consequences for organizations that are copied. This situation is typified by the case of accounting practices, where sharing leads to greater legitimacy for all concerned.
The critical factor for the dynamics is less whether the functional impetus is a concern for efficiency or legitimacy than whether the feedback effects are positive or negative (Wiewel & Hunter 1985) . Where concerns for technical efficiency are associated with positive effects of sharing, as for example in many symbiotic relations within an industry, the process will unfold in ways similar to the process of institutionalization. Where concerns for legitimacy are associated with negative effects of sharings as for example in cases of diffusion where mimicking by other organizations of lower status reduces the lead organization's status, the process will unfold in ways similar to the spread of secrets.
ECOLOGIES OF LEARNING
Organizations are collections of subunits learning in an environment that consists largely of other collections of learning subunits (Cangelosi & Dill 1965). The ecological structure is a complication in two senses. First, it complicates learning. Because of the simultaneously adapting behavior of other organizations, a routine may produce different outcomes at different times, or different routines may produce the same outcome at different times. Second, an ecology of learners complicates the systematic comprehension and modeling of learning processes. Environments change endogenously, and even relatively simple conceptions of learning become complex.
Learning in a World of Learners
Ecologies of learning include various types of interactions among learners, but the classical type is a collection of competitors. Competitors are linked partly through the diffusion of experience, and understanding learning within competitive communities of organizations involves seeing how experience, particularly secrets, are shared (Sitkin 1986), and how organizational actors come to trust one another, or not (Zucker 1986 ). Competitors are also linked through the effects of their actions on each other. One organization's action is another organization's outcome. As a result, even if learning by an individual organization were entirely internal and direct, it could be comprehended only by specifying the competitive structure.
Suppose competitors learn how to allocate resources to alternative technologies (strategies, procedures) in a world in which the return received by each competitor from the several technologies is a joint consequence of the potentials of the technologies, the changing competences of the several competitors within the technologies, and the allocations of effort by the several competitors among the technologies (Khandwalla 1981). In a situation of this type, it has been shown that there are strong ecological effects (Herriott  et al 1985) . The learning outcomes depend on the number of competitors, the rates at which they learn from their own experience, the rates at which they adjust their targets, the extent to which they learn from the experience of others, and the differences in the potentials of the technologies. There is a tendency for organizations to specialize and for faster learners to specialize in inferior technologies.
Learning to Learn
Learning itself can be viewed as one of the technologies within which organizations develop competence through use and among which they choose on the basis of experience. The general (nonecological) expectation is that learning procedures will become common when they lead to favorable outcomes and that organizations will become effective at learning when they use learning routines frequently. The ecological question is whether there are properties of the relations among interacting organizations that lead some of them to learn to learn and others not to do so.
In competitive situations, small differences in competence at learning will tend to accumulate through the competency multiplier, driving slower learners to other procedures. If some organizations are powerful enough to create their own environments, weaker organizations will learn to adapt to the dominant ones, that is they will learn to learn (Heimer 1985b). By the same token, powerful organizations, by virtue of their ability to ignore competition, will be less inclined to learn from experience and less competent at doing so (Engwall 1976). The circumstances under which these learning disabilities produce a disadvantage, rather than an advantage, are more complicated to specify than might appear, but there is some chance that a powerful organization will become incapable of coping with an environment that cannot be arbitrarily enacted (Hannan & Freeman 1984) .
LEARNING AS A FORM OF INTELLIGENCE
Organizational learning from experience is not only a useful perspective from which to describe organizational change; it is also an important instrument of organizational intelligence. The speculation that learning can improve the performance, and thus the intelligence, of organizations is confirmed by numerous studies of learning by doing, by case observations, and by theoretical analyses. Since we have defined learning as a process rather than as an outcome, the observation that learning is beneficial to organizations is not empty. It has become commonplace to emphasize learning in the design of organizations, to argue that some important improvements in organizational intelligence can be achieved by giving organizations capabilities to learn quickly and precisely (Starbuck & Dutton 1973 , Duncan & Weiss 1979 ). As we have seen, however, the complications in using organizational learning as a form of intelligence are not trivial.
Nor are those problems due exclusively to avoidable individual and organizational inadequacies. There are structural difficulties in learning from experience. The past is not a perfect predictor of the future, and the experimental designs generated by ordinary life are far from ideal for causal inference (Brehmer 1980). Making organizational learning effective as a tool for comprehending history involves confronting several problems in the structure of organizational experience: (a) The paucity of experience problem: Learning from experience in organizations is compromised by the fact that nature provides inadequate experience relative to the complexities and instabilities of history, particularly when the environment is changing rapidly or involves many dangers or opportunities each of which is very unlikely. (b) The redundancy of experience problem: Ordinary learning tends to lead to stability in routines, to extinguish the experimentation that is required to make a learning process effective. (c) The complexity of experience problem: Organizational environments involve complicated causal systems, as well as interactions among learning organizations. The various parts of the ecology fit together to produce learning outcomes that are hard to interpret.
Improving the Structure of Experience
The problems of paucity, redundancy, and complexity in experience cannot be eliminated, but they can be ameliorated. One response to the paucity of experience is the augmentation of direct experience through the diffusion of routines. Diffusion increases the amount of experience from which an organization draws and reduces vulnerability to local optima. However, the sharing of experience through diffusion can lead to remarkably incomplete or flawed understandings. For example, if the experiences that are combined are not independent, the advantages of sharing are attenuated, and organizations are prone to exaggerate the experience base of the encoded information. Indeed, part of what each organization learns from others is likely to be an echo of its own previous knowledge (Anderson 1848).
Patience is a virtue. There is considerable evidence that organizations often change through a sequence of small, frequent changes and inferences formed from experience with them (Zald 1970 ). Since frequent changes accentuate the sample size problem by modifying a situation before it can be comprehended, such behavior is likely to lead to random drift rather than improvement (Lounamaa & March 1987 ). Reducing the frequency or magnitude of change, therefore, is often an aid to comprehension, though the benefits of added information about one situation are purchased at a cost of reduction in information about others (Levinthal & Yao 1988) .
The sample size problem is particularly acute in learning from low probability, high consequence events. Not only is the number of occurrences small, but the organizational, political, and legal significance of the events, if they occur, often muddies the making of inferences about them with conflict over formal responsibility, accountability, and liability. One strategy for moderating the effects of these problems is to supplement history by creating hypothetical histories of events that might have occurred (Tamuz 1987 Overcoming the worst effects of complexity in experience involves improving the experimental design of natural experience. In particular, it involves making large changes rather than small ones and avoiding multiple simultaneous changes (Miller & Friesen 1982 , Lounamaa & March 1987 . From this point of view, the standard version of incrementalism with its emphasis on frequent, multiple, small changes cannot be, in general, a good learning strategy, particularly since it also violates the patience imperative discussed above (Starbuck 1983 ). Nor, as we have suggested earlier, is it obvious that fast, precise learning is guaranteed to produce superior performance. Learning that is somewhat slow and somewhat imprecise often provides an advantage (Levinthal & March 1981 , Herriott et al 1985 .
The Intelligence of Learning
The concept of intelligence is ambiguous when action and learning occur simultaneously at several nested levels of a system (March 1987 ). For example, since experimentation often benefits those who copy successes more than it does the experimenting organization, managerial illusions of control, risk taking, and playful experimentation may be more intelligent from the point of view of a community of organizations than from the point of view of organizations that experiment. Although legal arrangements, such as patent laws, attempt to reserve certain benefits of experimentation to those organizations that incur the costs, these complications seem, in general, not to be resolved by explicit contracts but through sets of evolved practices that implicitly balance the concerns of the several levels (March 1981) . The issues involved are closely related to similar issues that arise in variation and selection models (Holland 1975 , Gould 1982 .
Even within a single organization, there are severe limitations to organizational learning as an instrument of intelligence. Learning does not always lead to intelligent behavior. The same processes that yield experiential wisdom produce superstitious learning, competency traps, and erroneous inferences. Problems in learning from experience stem partly from inadequacies of human cognitive habits, partly from features of organization, partly from characteristics of the structure of experience. There are strategies for ameliorating some of those problems, but ordinary organizational practices do not always generate behavior that conforms to such strategies.
The pessimism of such a description must, however, be qualified by two caveats. First, there is adequate evidence that the lessons of history as encoded in routines are an important basis for the intelligence of organizations. Despite the problems, organizations learn. Second, learning needs to be compared with other serious alternatives, not with an ideal of perfection. Processes of choice, bargaining, and selection also make mistakes. If we calibrate the imperfections of learning by the imperfections of its competititors, it is possible to see a role for routine-based, history-dependent, target-oriented organizational learning. To be effective, however, the design of learning organizations must recognize the difficulties of the process and in particular the extent to which intelligence in learning is often frustrated, and the extent to which the comprehension of history may involve slow rather than fast adaptation, imprecise rather than precise responses to experience, and abrupt rather than incremental changes.
